The results are presented of chemical studies on precipitation based on multi-year observations (1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007) carried out in the Wielkopolski National Park (WNP). They are compared with the monitoring data obtained by stations grouped in the European Monitoring and Evaluation Programme (EMEP) network. It was found that over the study period the pH of precipitation tended to grow systematically, thus contributing to a decrease of the annual deposition of (H The deposition of acid-forming ions was also analysed. Predominant among them were sulphate ions, but their deposition showed a declining tendency with time. Their maximum values were recorded in precipitation in the WNP -707 mg S-SO 4 ·m -2 (2002) and 260 mg N-NO 3 ·m -2 (2007). It was found that the NO 3 /SO 4 eq/eq ratio tended to increase, which is indicative of changes in the composition structure of precipitation. This effect resulted from the decrease in SO 2 emission in the Wielkopolska region and from the increase in NO x emission caused by car traffic in the Park and along its border.
INTRODUCTION
The Wielkopolski National Park (mid-west Poland) is a protected region that needs special care of its woodland, which occupy up to 61% of its area. However, nature in the Park is threatened since it is located close to the Poznań municipality DOI: 10.2478/v10025-010-0019-4 (25 km away), and to nearby towns of a few thousand inhabitants, especially highly industrialized Luboń of a population of 30 thousand (MICHAŁOWSKI et al., 2003; KOWALSKI, 2004) . The development of the transport system with roads both on the Park's edges and those running through is a major source of air pollution (GÓRSKI and PRZYBYŁEK, 2003) . The pollution caused by the industrial plants situated a few or a dozen or so kilometres from the forest complex, or pollution carried from distant areas results in elevated amounts of sulphates, chlorides and fluorides (KRYSIAK, 2005; . This pollution in the form of dry and wet deposition influences the chemical composition of precipitation (ASTEL et al., 2007; WALNA and SIEPAK, 1999) . In the last few years, a major decline in the emission of sulphur compounds has been registered in Poznań, though changes in the emission for the Wielkopolska region as a whole have not been that significant 
METHODS SAMPLING SITE
Observations of precipitation, both in quantitative and qualitative terms, are carried out at the Jeziory Ecological Station of the Adam Mickiewicz University located in the centre of the Wielkopolski National Park (WNP). The site is located at 52º11' N and 16 º54' E at an altitude of 82 m a.s.l. The landscape of the Park is a result of numerous geomorphologic processes linked to the movement of a glacier. A substantial part of the Park is covered with poor soils developed from loose or weakly loamy sand where pine forests and mixed pine -oak forests are dominating. Brown soil of higher quality is home to acid oak forests, and oak-hornbeam forests. The sampling place is a forest clearing in a protected area surrounded by extensive patches of woodland; some 200 m away there is a road with light traffic. Rainwater was collected on a daily basis and analysed as soon as possible after the precipitation event. The trees are about 40 years old and 30 cm in diameter.
The research was initially limited to basic physico-chemical parameters, but since 2002 it has been expanded to include regular monitoring of the chemical composition of precipitation. Quantitative studies were made using a Hellmann rain gauge and automatically (an Aster station). Samples of bulk precipitation for chemical analyses were collected with the help of one collector 56 cm in diameter placed 1.2 m above the ground in a forest clearing and the similar one under oak trees.
ANALYTICAL METHODS pH and electric conductivity were measured on the spot, and the ionic composition was determined with DIONEX 120 chromatograph in the Department of Water and Soil Analysis of the Adam Mickiewicz University in Poznań. Before the transfer, the samples were filtered through a filter with a pore diameter of 0.45 μm and, if necessary, kept in refrigerator, out of light. The reliability of the results was checked against reference material suitable for samples of a low ionic strength -RAIN 95. Analytical details were described in another paper (POLKOWSKA et al., 2005 ). An essential element of rainfall analysis was the set of meteorological data obtained at the Station through the steady automatic monitoring of a dozen or so parameters. Measurements were registered every 10 minutes. An automatic heating of the collector enabled to gather precipitation in the winter.
RESULTS AND DISCUSSION
RAINFALL -ANNUAL AND MONTHLY Significant differences in the annual rainfall were noted during the study period (Tab. On account of the plants growth regime, the rainfall during the vegetation season (1 Apr.-15 Nov. for oak tree in the Wielkopolska region) was also calculated. The analysis of the data showed that, aside from the year 1992 when the rainfall during the vegetation season was only 204 mm, a period significantly deficient in rainfall was that from 2003 to 2005 when the rainfall did not exceed 300 mm. To describe precipitation variability it is also important to present its structure in the consecutive months. In the 1990s and before the month richest in precipitation was , one does not observe the regularity described so far: a fairly even distribution of precipitation over the individual months and a peak in July. In those years the maximum precipitation in July was only noted in 2007 (126 mm). In 2006, exceptionally low precipitation was recorded in June and July (18 mm and 16 mm, respectively) and in September (20 mm), while the maximum precipitation occurred in August (188 mm) (Fig. 1) . In 2005, the months with the lowest precipitation in the vegetation season were June (9 mm) and October (6 mm). The situation seemed favourable in 2004 since despite the deficiency of precipitation, its structure was regular.
It is also worth noting that intensive rainfalls of short duration have recently been observed. The automatic measuring system repeatedly recorded more than 5 mm of rain that fell in 10 minutes. Such a violent character of the event, accompanied by a gusty wind, may cause a lot of damage.
THE pH OF PRECIPITATION
The most important parameter describing possible negative effects that precipitation may have on vegetation and soil is pH of the rainwater. Table 1 (Fig. 2) but it wasn't statistically significant (r = 0.4124 at p = 0.1125). The use of a polynomial function gave better approximation. However, it was difficult to find an adequate justification for such a form.
Also worth noting were the extremely low pH values of precipitation, even below pH 3.0 (1994). The minimum pH varied from 2.94 to 3.89, or 3.5 on average. The Table 1 also shows weighted annual means of precipitation pH for the vegetation season. Because lower pH of precipitation in winter is a well-known regularity, mean pH in the vegetation season (4.6) was higher than the annual mean. The minimum pH in the vegetation season was usually lower than 4.0, with the lowest, 3.50, recorded also in 1994. Unfortunately, such a low pH in the growing season may cause damage to the outer layer of a leaf and let the rain inside the plant tissue, which can trigger some adverse physiological processes (ASHENDEN, 2002).
The structure of precipitation is presented in Table 2 . It rests on the division of all the precipitation events in a year into groups according to their pH range (JANSEN et al., 1988) . Exceptional precipitation was that occurring between 1994 and 1996, 2000 and 2002, and 2004 and 2005 , since the proportion of episodes with a pH lower than 4.6 was near or over 60%. A record year for rain acidity was 1994, when 91% of the precipitation had pH below 4.6. In periods of no precipitation, the surface of plants gathers deposits and dust which, when it rains, partly dissolve and get into the ground. The amount of deposits and dust depends, among others, on time intervals between the rainfalls, the size of leaves, and the wind force. The amount of rainfall that reaches the ground depends on tree species, their age, habitat, and other factors. Therefore, any comparison of pH and composition of the throughfall with data from another place is difficult. However, the obtained figures are important since they expand our quantitative and qualitative knowledge of dry deposition, so hard to collect and analyse. In The increasing trend of the annual average of throughfall pH over the study period was statistically significant as the correlation coefficient equalled r = 0.6516 at p = 0.0062 (Fig. 3) .
A measure of the amount and composition of dry deposition gathered on leaves could be the electric conductivity of the throughfall. The average figures varied from 77 μS·cm The effect that the components of precipitation exert on vegetation can be estimated by analysing either the concentration or deposition per unit area (m 2 , ha) in a given time interval (month, year) calculated on the basis of the concentration and the amount of rainfall. Both methods describe precipitation, though each in a slightly different way. Therefore, the discussion below will concern changes in the concentrations and/or the deposition.
When considering the impact of precipitation on woodland, the abovementioned results of pH measurement should be supplemented by annual figures of hydrogen ion deposition calculated as the sum of the products of total rainfall and hydrogen ion concentrations obtained from successive pH measurements (Fig. 5) . The figures varied from 8-11 mg·m -2 to over 70 mg·m -2 , which corresponds to 0.1-0.7 kg·ha -1 . When analysing the pattern of change in the deposition of hydrogen ions, a certain periodicity and simultaneous downward tendency can be observed. The presented significant acidity of precipitation is due to sulphur oxides and chlorides of industrial origin as well as transport-related nitrogen oxides in the air. A small role is also played by fluorides, typical of the area under study due to phosphate fertiliser factory located close to the Park and to other regional and supra-regional emitters of this type of pollution. The diagramme (Fig. 6 ) presents the bulk deposition of these compounds in the years 2002-2007. The deposition of sulphates, unlike the other pollutants, decreased considerably from 2,122 to 1,418 mg·m -2 , while that of nitrates increased to 1,153 mg·m -2 . Therefore, the structure of deposited compounds was found to change. It is illustrated by the sulphates to nitrate ratio of deposition, which changed from 3 to 1.5. This is a result of recently lower emission of SO 2 in the Wielkopolska region and increasing NO x emission caused by car traffic in the Park, on the road from Poznań to Wrocław running along its border, and on the nearby A2 highway. The above-presented changes are reflected in decreasing average concentration of sulphates, from 3. An annual bulk deposition of fluoride ions is presented in Fig. 7 . They are especially dangerous on account of their specific character. The deposition related to rainfall collected in the open area has stabilised over the last few years. However, owing to the high reactivity of these ions, it is crucial to analyse their concentration in each rainfall event. The predominant ions were sulphates, which accounted for 63% in 2002, while nitrate ions contributed in 22% and chloride ions -in 15%. In the subsequent years the percentages of sulphates decreased while those of nitrates increased to 25% and chlorides to 20%. The deposition of cations (Ca, Mg, Na, K) showed stabilisation over the recent years and remained at 40 meq·m -2 . The predominant ion was calcium (56%), while magnesium contributed in 12%, potassium in 16%, and sodium in 16% to the total deposition. The amounts of N-NH 4 + in the precipitation amounted on average to 
COMPARISONS
Observations and results of research on precipitation are often compared to obtain information about the level of environmental pollution or tendencies of change. However, results should be compared with caution (KURZYCA et al., 2008) . The reasons are as follows. Most significant differences between the results were observed when precipitation samples were obtained in different collecting procedures, both in terms of the mode and frequency of sampling. The differences in the concentrations of particular ions between the corresponding wet-only and bulk precipitation samples could reach 100%. On the other hand, equalisation of samples and results led to differences in the results reaching 20%. Significant differences were also observed among samples undergoing different procedures imposed by the method and time of storage prior to physico-chemical analysis. The type of sample vessel did not affect obtained result, but the type of sampler was important (even the collecting surface was observed to have an influence). The concentrations of analytes in a sample were also found to be changing during the storage time, with pH changing by even 1.6 units, which corresponded to more than a 15-fold difference in the concentration of H + . To avoid the above-mentioned mistakes, annual observations were made based on identical method of precipitation collection and analysis. The research was carried out in the Wielkopolski National Park and in the centre of Poznań city, 25 km north-west of the Park. Obtained results were compared and their annual patterns turned out to be highly similar. The similarity concerned all the analysed ions. Concentrations were usually lower in the Park while extreme figures were recorded on the same day, sometimes with a one-day shift (Figs 9, 10) . Such observations show that the main impact on the composition of precipitation in the Wielkopolski National Park was not only the large industrial emitters in Luboń, but also some sources in the city and farther away from the Poznań metropolitan area (WALNA et al., 2004) . A comparison of the quantities of acid-forming substances deposited together with precipitation at different monitoring stations, including those from the EMEP programme, may be burdened with the errors mentioned earlier. However, such a comparison offers an insight into how the proximity of the sea (PL0004 -Łeba) can change the composition of the deposited substances resulting from the elevated levels of chloride ions, or how the location in the mountains (PL0003 -Śnieżka, SK0002 -Chopok) boosts the deposition of all the components because rainfall there is twice as intensive as in the lowlands (Fig. 11) 3. The analysis of monthly rainfall sums indicates periods of several months with low precipitation and months when the precipitation was considerably higher than the average.
4. Episodes of quite intensive rainfalls were observed. 5. Precipitation both in the open area and under the trees had low mean annual pH, and the pH of individual events was often lower than 4.0. However, in the period under study, pH of open-terrain precipitation and throughfall tended to increase slightly.
6. Precipitation pollution expressed as the means of electric conductivity showed declining tendency. Still, there were rainfall episodes of extremely high pollution. An exceptional accumulation of dust pollution was observed in the throughfall.
7. Several years long study revealed higher deposition of acid-forming compounds in the Park than in the lowland monitoring stations. Their structure in the Wielkopolski National Park changes -the deposition of sulphates decreases and the deposition of nitrates increases. The reason is a lower emission of SO 2 in the Wielkopolska region and an increasing emission of NO x caused by car traffic.
8. The presence of fluorides in precipitation, especially in throughfall, should be noted.
9. The Wielkopolski National Park is under unfavourable influence of air pollution intensified by periodic deficits of precipitation causing hard conditions for the forest vegetation. 
